Nonunion of the humerus with bone loss and shortening due to osteomyelitis is rare but difficult to treat. We describe our experience with a callus distraction technique using a monolateral external fixator for the treatment of this condition.
Nonunion of the humerus with bone loss and shortening due to osteomyelitis is rare but difficult to treat. We describe our experience with a callus distraction technique using a monolateral external fixator for the treatment of this condition.
Between October 1994 and January 2004, 11 patients were treated. There were seven males and four females, with a mean age of 14 years (10 to 17). The mean bone loss was 1.9 cm (1 to 2.7) and the mean length discrepancy in the upper limb was 5.6 cm (3.5 to 8.0).
The mean follow-up was for 106 months (54 to 166). The mean external fixation index was 34.8 days/cm (29.8 to 40.5). The mean lengthening was 9.5 cm (5.5 to 13.4). There were seven excellent results, three good and one poor. There were nine excellent functional results and two good.
The treatment of humeral nonunion with bone loss and shortening due to osteomyelitis by callus distraction is a safe and effective means of improving function and cosmesis.
Haematogenous osteomyelitis rarely affects the humerus. Treatment is difficult and the outcome usually poor. Bone loss related to infection may be treated with vascularised bone transfer, allografts and bone substitutes. [1] [2] [3] Bone loss is ideally replaced with living bone. Callus distraction has been widely used in the treatment of leg-length discrepancy, deformity, nonunion, osteomyelitis, and bone loss. [3] [4] [5] [6] [7] [8] We describe 11 patients with nonunion and chronic osteomyelitis of the humerus with bone loss who were treated by callus distraction.
Patients and Methods
Between October 1994 and January 2004, 11 patients with nonunion with bone loss and limb shortening caused by osteomyelitis were treated by callus distraction using a monolateral external fixator. There were seven males and four females, with a mean age of 14 years (10 to 17). They were all right hand dominant; the right humerus was involved in six patients, and the left in five. All patients had chronic osteomyelitis without evidence of active infection such as fever, pain, swelling or sinus formation at presentation. Eight patients had undergone an unsuccessful bone grafting procedure. The nonunion involved the proximal humerus in six patients, the shaft of the humerus in four, and the distal humerus in one. There had been no evidence of active infection for six months, 9 and all laboratory parameters of infection such as the C-reactive protein, the erythrocyte sedimentation rate, and the white blood cell count were normal. The mean length of bone loss on the radiographs was 1.9 cm (1.0 to 2.7). The mean limb-length discrepancy was 5.6 cm (3.5 to 8.0) ( Table I) . Operative technique. Pre-operative radiographs are taken to assess the nonunion in the sagittal and coronal planes in order to determine the plane of the osteotomy.
The patient lies supine on a radiolucent table with a support under the ipsilateral shoulder. One or two pins (diameter 4.0 mm) are inserted anterolaterally 2 cm to 3 cm above and below the pre-selected osteotomy site under fluoroscopic guidance. Each set of pins should be in the same plane perpendicular to the anatomical axis of the humerus. Further pins are inserted if necessary. An anterolateral incision is used in the upper arm. The radial nerve is carefully protected. The periosteum is incised longitudinally and reflected medially and laterally. Under direct vision, a series of 2.5 mm unicortical drill holes is made in the anterior two-thirds of the circumference of the humerus and connected with an osteotome. The humerus is flexed to crack the posterior cortex, completing the corticotomy. The periosteum is sutured and the wound closed with a drain and a monolateral external fixator (Third Medical Instrument Company, Wujin, THE JOURNAL OF BONE AND JOINT SURGERY China) is applied anterolaterally, with a space of 2 cm between the fixator and the limb to allow for swelling. The docking sites are not exposed and the sclerotic bone ends are not removed.
All patients receive intravenous broad-spectrum antibiotics for one week post-operatively. Physiotherapy starts on the second post-operative day. Distraction begins between five and seven days after the operation at a rate of 0.25 mm per nine hours. When the length of bone regeneration has reached about 6.0 cm, the rate of the distraction is reduced to 0.25 mm every 12 hours. Radiographs are taken every two weeks until bone union is achieved. Once the required length has been achieved with bony consolidation, the external fixator is removed.
Results
The mean follow-up was for 106 months (54 to 166). The mean external fixation index was 34.8 days/cm (29.8 to 40.5). The mean lengthening was 9.5 cm (5.5 to 13.4) ( Table II) . The range of movement of the shoulder improved considerably in all patients (Table III) . The movements of the elbow returned to their pre-operative state except for cases 2 and 3 (Table IV) .
The results were assessed as bony or functional. For the bone results, four criteria (union, infection, deformity and upper limb-length discrepancy) were evaluated as recommended by Paley et al, 10 Kocaoglu et al 11 and Cattaeno et al. 12 All patients achieved union except for case 10, who had limited flexion pre-operatively. This patient had acceptable function and no pain with a distal humeral pseudarthrosis, and no further treatment is planned.
No patient had evidence of infection. A residual deformity of between 10° and 15° was present in four patients. None had residual limb-length inequality of more than 3.0 cm. An excellent bone result was one with union, no infection, axial deviation of < 5°, and no limb-length discrepancy. A good result was union, no infection, axial deviation between 5° and 15°, and limb-length discrepancy < 3 cm. A poor result was nonunion, refracture, axial deviation > 15°, or limb-length discrepancy > 3 cm. There were seven excellent bone results, three good and one poor.
The functional results were based on three criteria as recommended by Cattaneo et al; 12 range of movement of the shoulder and elbow, functional activities such as perineal care, sports, brushing teeth and face washing, and patient satisfaction. An excellent result was one with improved or unchanged range of movement, improved functional activities and satisfaction. A good result was one with no change or < 10° loss of the pre-operative range of movement, with maintained functional activities and satisfaction. A poor result showed loss of range of Complications. Eight patients (73%) had a pin-track infection. Five of these had local inflammation, which settled with pin care and oral antibiotics and three had a purulent drainage which settled with intravenous antibiotics. Six patients (54.5%) developed a flexion contracture of the elbow, which resolved following physiotherapy for a mean of 10 months (3 to 18). Loosening of a pin during distraction occurred in two limbs (18.2%) and the pins were reapplied. Loosening of a pin associated with bone absorption occurred in one limb (9.1%). This was treated by reapplication of the external fixator for further lengthening and subsequent insertion of a screw at the docking site (Fig. 1) . Inferior subluxation of the glenohumeral joint, which occurred in two limbs (18.2%), resolved with physiotherapy. 13, 14 There were no refractures or neurovascular complications, and no patient had recurrent osteomyelitis.
Discussion
Nonunion of the humerus with bone loss and limb shortening caused by osteomyelitis is difficult to treat, especially during childhood. Treatment with autogenous bone graft, allograft bone, or synthetic bone substitute, either alone or in conjunction with internal fixation, has been described. [14] [15] [16] The major disadvantages of these methods are that healthy tissue may be sacrificed and the grafted bone may be absorbed. Maiya et al 17 described an elderly patient with aseptic diaphyseal nonunion of the humerus where other methods of management had failed. An extendible total humeral prosthetic replacement was used, with an adequate functional result. Attias et al 18 reported a novel technique by which bony continuity was restored at the site of a segmental humeral defect measuring approximately 8 cm, using a titanium mesh cage packed with allograft and demineralised bone matrix putty and two limited contact dynamic compression plates. Heitmann et al 2 described 15 patients with segmental defects treated with an osteoseptocutaneous fibular transplant with good functional and cosmetic results. This technique is, however, complex and associated with a high rate of complications.
The Ilizarov technique is increasingly used for lengthening and correction of skeletal defects. Cattaneo et al 12 reported 43 humeral lengthenings in 29 patients using this technique. The diagnosis of the defect included achondroplasia, chronic infection, birth palsy, fracture, congenital shortening and benign neoplasm. At a mean follow-up of 2.7 years, the functional and cosmetic results were all graded as excellent or good. Hosny 19 described 16 cases of unilateral humeral shortening treated with hybrid fixation using wires and half pins. At a mean follow-up of three years and two months there were ten excellent and six good results.
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The site of the osteotomy was determined in pre-operative radiographs. The preferred site is considered to be proximal rather than distal. 13 The half pins used had a small diameter instead of wires in order to minimise the potential risk of nerve injury. 12, 13 Care should be taken to prevent the radial nerve from becoming stretched across the osteotomy site or damaged by the fixation pins. 13 Slow rates of distraction have been used. Initially, the distraction rate was approximately 0.25 mm per nine hours and it was subsequently reduced to 0.25 mm per 12 hours after the length of bone regenerate had reached 6.0 cm. With this distraction rate, new bone formation is created in the distraction gap without neurovascular damage. 22 Pin-track infection is the most common complication. 23 The thickness of the soft tissue and the diameter of the pins may play a role in the development of infection. Pin loosening may be secondary to deep infection. 23 In our study, pin loosening occurred in two limbs, where there was no evidence of infection.
We observed bone absorption at the docking site of the transported segment during treatment in some patients (Figs 1 and 2) . If the distance between the bone end and the closest pin is too short, the pin may become loose, as occurred once. In our experience, the closest pin should not be within 2 cm of the bone end.
In the operation, we did not expose the docking site to remove the sclerotic bone. Although the blood supply of the unhealthy bone is poor, the bone is not dead and can regenerate. 24 
Fig. 1a
Radiographs of the right humerus of a 10-year-old boy showing a) pre-operatively the length of bone loss and shortening was 8.9 cm, b) three days and c) two months after operation and d) pin loosening and bone absorption at three months, e) consolidation in the regenerated bone area at six months, f) application of the external fixator for further lengthening three days after the second operation, g) showing the bone ends were in contact and the limb-length discrepancy had disappeared three months after the second operation, h) the appearance after removal of the external fixator and introduction of a screw at the docking site six months after the second operation and i) the final appearance three years after the second operation. Nonunion occurred in one patient whose elbow was stiff pre-operatively. After the defect had been closed, distraction was continued to correct the limb-length discrepancy 25 and compression was applied to the docking site. However, there was not enough stress given at the docking site in this patient, leaving a distal humeral pseudarthrosis, which allowed adequate function.
Progressive shortening of the affected limb occurs with growth in these patients. We used the method described by Paley et al 26, 27 to calculate the overall lengthening required. This method was originally described for use in patients with achondroplasia. Our results indicate that it can also be used to predict the lengthening needed in patients with nonunion associated with bone loss due to osteomyelitis.
Humeral lengthening for treating nonunion with bone loss and shortening is a safe and effective means of improving function and cosmesis.
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